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(54) GALLIUM NITRIDE SINGLE CRYSTAL SUBSTRATE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To safely obtain an 
n-type gallium nitride single crystal substrate 
that has an arbitrary carrier concentration 
without use of hazardous silane gas by adding 
oxygen as a dopant showing the n-type 
electronic conduction and allowing the substrate 
to have no part made of another material. 
SOLUTION: A mask is fitted to the substrate of 
GaAs (111) and a window positioned at the top 
of the equilateral triangle having one side in the 
[11-2] direction is attached to the mask and the 
GaN buffer layer is grown by through the HVPE 
process where H2 is used as a carrier gas, and 
GaN is formed reaction of the GaCI (from Ga 
and HCI) and with NH3, or through the MoC 
process where H2 gas is used as a carrier and 

GaN is formed by reaction of GaCI formed from an organogallium compound and 
HCI and with NH3. Then, the GaN epitaxial layer is thickly formed over the 
thickness of the mask by the HVPE method or the MoC method by using HCI 
containing O or water, NH3 gas, H2 gas as a starting and/or carrier gas. Finally, 
GaAs substrate and the mask are removed. 
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T£4>On£!GaN<L#£ 0 




1 

[«#S2] naottyrwi x 1 o 1 6 cm 
- 8 - l x i o 2 0 cm- 3 v&zctzftmtrzm 
*m i ccettogf t# y AWtsBSs. 

[SB3c3B3 ] BBRttKtf 1 x l O 1 6 c m- 3 -l x 

io ,9 cm~ 3 ommftv$>*?x&-o&m<Dttb®i&&. 

tfixi 0 1 3 cm" 3 «Tr*S**««£T*fll3R 10 
[«*W4 ] S i «|f # 1 x l 0 1 7 c m" 3 fe(Tr 

] GaAs (111) S«<D±CC, * 
*ttfcf, [11-2] *W«:-ja*HFOjE=ft»©IIja 

^Ga^ltHC 1 CC<£9GaC 1 *ffOT>*- 
T«C<fcoTGaN**JiRr4HVPEffiXtt*+ yr# 
X£LTH 2 ^GaSa^IiHCUaoTGa 20 
C I ^•37>^rtC«J:orGaN^'r^MOC 
ttWotGaN^^rl^I^t, 36K§^X 
H*^tfHCL NH, iJX, H 2 ^*JTO4RC/+ 
* y T#X <t LrfflC^H V P /cteMO CfttCJ: o 
tvx^f^MitGaNJ.t^+$/t^MS<4 
/&U GaAslgivX^iiltnlGaN^S 

fflg i r s c <b <t -r &se{ t # y AHMsssts© 

[g»3#B6] GaAs ( 1 1 1 ) Ifi©±{c, 
£tf tt, [11-2] [1-10] ^tc^p 30 

ff«cWK©«*»^r [1 1 - 2 ] ^T^J^/c« [1-1 

o] ^cc^tf^rxh^^^ttcDvx^iu, +t«;r 

^/XtUtHz ^fflC^Ga^iiHC l$C<£*)GaC 1 

Xtittyr^iltH 2 £fflt>GaWI&£Jl<bHC 
laotGaCl £ft^T>^TCtJ:oTGaN£ 
&5c«MOCSta^rGaNA'^7§M^ 
t*\ £6KSt^Xtt*£^tfHC 1 . NHi H 2 

UMOCm^tv^^I^MtGaNxt^^ 40 
[0 00 1 ] 
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[0002] 3-5 {t&to*m#vmffl6&imatc» 

6tiSC0W. GaAs, InP, GaPfti'tfti. C 
[0 00 3] G aNtt/O Mr * » ^|£^C[>rit6IB 

^ffi«fcJ»9btt^«jfifc»5©rGaN»il«:tt5(CB 
**;*SCC|fe3rr*. U3&>L^B«KOiS3Cc<>fl0e>-rG 
aNO««^*-Ri#<*S. mt#J*-btl> 

T$hm£ < BJc? £ <b l » 5 ©tt G a N ©r * 

£ 0 GaA s-M nPOU-1fr»^H*ilS6-rit^ 

[0 00 4] CCra{t»»*alW*<kl^R3Btt, Ga 
NKtfrft<AlN*. I nN, GaNiA INi I n 

f*r*£#A 1 Nfc— a$KStfa>6GaN<bl>oTL$ 

[0 00 5] 

©_bCCG a NSJi^MOCVD&tC^^tib'^+^t 

[0 00 6] GaN»I«;l!ti5<Dt?*5^^ Ga N 

GaNi©ttT-S«CWtl»tt**C^* 
ncc 6 TXflJ U^;KD»tt«:SLfeGa NX b* 
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[0 00 7] L*>Lt7 7-ftSS(ct^*5, & 
*©X£Jif«iJffi#5&l,»£^Ctr£>.2>. fe^-ocD 
tt*»3**(c» >il^CiT*S. ¥2g<* U - If * fp 

tshrsit^. ft^cs^-iorftpaffi*:^©*^ 

(,>. Ga A s U— tf-t» I n PU-tf-C«S«S©f|g§H*i 

i^igffc U - If ©«£•©&*» c © «t ^ -c& S . 
[0008] F*f^S*8^«E«^©fcJ& 

fcftt*ttixtc9x»fe6? stealer**, mill 20 
[0009] *c-es$Hffi©*ss i c*m&±Lxm 

j5<HUjg< TW&14fc&9*©±CCGaN#t&B-r£. 

nttte*j«f^iaeK:t£*r>-ci>4. s i c«s»r 

S i CilfiifSia^ UStCttS. S i CifiOG 
1^-y-^r^+SSGaN^fCfI^iSopItgttttig 30 

<<>. 

[0 0 1 0] ?7r^1rS««:ffll>S&. GaNiD-7 

«©tea*«*-ri<t»,orae*j*«. JiftsiiSrp-i&sti 

n>5GaN7 : /'!-fX©GaNifd'*i/t^@tC«l 
0 4 cm" 8 HK©i£«K©lgGi*^**l£. GaAs 
««©*§ 1 1 ±W ttr ft fcSSfC (J10 4 c 

mt-itfrmhtitc. GaNiJlO' cm" * fc©R<^ 40 
*S8i&#tt/i:£ L*>0GaNU-1f 

us©rtt&t^<b#*£>;ri-e<,>.5>. u-if©Js^fg»i 

[0 0 1 1 ] GaN#fe^m^ctel»-C. GaNxf 
**W;Wir©X«SgRW:l 0» cm" s 
©« — 3KttiWt7T 6 fife S. 

7t ^f-C!IiiGaN'C*^ils5'vfaxh - ii+-> 
+ iHl8fi**JCft-»-C«,»4. tSBfltii«>3ft?U «m£ 50 
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U^bU-tff-far- F©tg^tt. «jjfc&«*:#t»© 
< Kffit?©»8fc©^-(cj:oT*PSasjS; 
^•r-SBl^tt*^^. tr7W-KBt&&©ELO (Ep 
itaxial Lateral Overgrowth) (C J: *) ffi^PS©G a Nil 

[oo i 2] y-7r j+mmzm^-o^ zntmwp 

&!,>GaN=&o< CW — oay}5faX>$>Z>. ^©i: 
5 frigate* oT^ •tf7r-f+'Sffi±K:^ Y^A 

■7Vl&ZmTZ-?XZ$:mi. -e-©±*>6GaN£fi£g 

?-9*Ji--/t-jfn-* (ELO) il>9. 
jf^SfcfcggC -II, vol. J81-C-1 I, p 
5 8~6 4 

[0013] ctnc£zt$&i<Di><D£*) bw&mm* 

X7£/rt,TGaN&l£S;*-tt£. ^©^ftSry <tT-& 
<!:> &©fi2«x=kA, x= (k+e) A (ktt$I 

ft. Attx#|Sj©jg#j. £A«sgi}§) (c«t-,rfS^K:^ 

© [ 1 1 - 2 3 Xtt [ 1 - 1 0 ] #|aj-C*£. f&m$VM 
fpffl©£> *> ©TVX 7©±fcttG a N BliRg 

•T€»<b»]tf)tiSt,^tc^nfcT«6©tf7r^+' 
ffitCBILtiLfc^^TSo -^©^e-GaN^s-r 
5. ^©^{4«Tftfe©1f 7 r W -t»©*§H:£{iK: <fc otft 
vt> *©W&£8*^<-r J: 5<tfiKfi-r •*><>:;* 

[0014] is.mvzhK.mm-rzt&vmttfotSL 

£}g-r*.i:5{c&S. ^{4«T«6©tf7T-r-t-C9l*S 

m&m±omM,&*:ti'& -cta^ u ^ fc©-cs> s 

«a5lt^*i/i\3 < ^n*-C©l£glcfctvt*|ltt3>9 2£ 

[0 0 1 5 ] X h7-fy-7Xi-(cJ:,r^-7fcGaN/ 
1f7r^+tS B ^«. ^me*5®TLft:<t(,^4>©©. 

^-^©^^^-rs^ft*^^. tf7T^^€:W^* 
r -s^ii e.n ^^^©S 0 ©/c*W^Bfi-C* 

-r-s»iee*©#fe^^ii^cj:^ccitga-c#tt 

t»i(,OP4S*«feSo SS©1f7r-i +&GaNfl?JP© 
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[0016] G a NSMSStt^iSotiGa N 
GaN#feSC[)±«:GaNit^+^t^ 
^S$#^<b^SgSgS^0®^T^r*5 ; 5o GaN 

iW»6*ir u-lf <fc LX<Dffifc*n#>2>c ±&x*£ 

[0 0 17] U^U^aa^;l/X^-SCC<torfc^»J 

^L/c^^^^Ci<DrGaNSK^Si§rd^l>o 
««E*» W £ <t ¥ Cttfltettft looffig 3 if £ C <t 

g a Ntt WR«*> e^aasa^-r * «ci^»»ac©r * 

[00 18]*«Httt. COiiftlli:*^, Ga A 
s SfeiiCC E LOCC <£ 9 G a N *flEfi bfctftfcG a A s 
g«£x * * > ^BfciT £ £ l> 5 »f L 1>G a NS«<Df£ 
«tt*IB*^Lfc. lSft*S©GaAslS«C7^d? 

gUfflf x = 3 1/, kd, y 
SS2g? x = 3 1/l (k + 0. 5) d, y 
[0 02 2] CCCCk, hteggrC&£ w — o<D)8«:6 

3 1/1 /2. ±1/2) % (0, ±l)r*S. 
[0 02 3] Ctl6iEHft»©IH^CCffi*Pa^rGaA 

UT. cBi^ilt, G a A s [l-10]^<bG 
aN [1-210] *|fiIi*3PffCCLrJiEfi'r*. Ga 

As©tes*fi[iEiDRi*©3ea*5Ji!Efi , r*. 40 
»«n<rR:GaN«iajutsr&. **«©ho«cb:6 

fiT4<0T?iEAft»ttCCtSa3W|C*«- 3 r<f<. ^2tt^ 
<D&4KDtfc«£U#To **6GaN*JjEAft«Trt* 



■T*jE=ft»»01I-«(Dfil[««:BtHW4. Ke*W>» 

[0019] ^OilTiEHft^^-XDHftffm^CC 
MtijSJftOWt**. *©i«KlltGa 
A s ffiCCG a N*ft*B/&gi*tf M*BJ£g&teSJ^£ 

-rs^cc <t OGa N^as*«*sacc»**^r **. 

[0 020] 9^9^fl»j5Ett*«B*K:J:*1»«H£9 
-298300^ «fKI^1 0-9 0 0 8-^CC^Ur 
£>£ e GaAs (111) AffiafcraBffiCC^***** 
W [ 1 1 - 2 ] jSftfc lia*»ojE=ft*B*ffl3Eb* 

©jE=flijBnja«aK*B»*. Hiim^oEi 

*7SUn»S. (Ill) AIil>50tt % Gal?^ 

tt£ 0 GaAs (1 1 1) AffiCCSXT^fK* [ 1 1 
-2] i [1-10] X&Z. ^Cty= [1 1 - 
2K x= [1-10] &t>9£»9(C (111) ffi-Bt 
J^*!£££ 0 Hft^<Dl2^d<b-r^i. Ktt 
[0 02 1] 
= hd (1) 
- (h + 0. 5) d (2) 

[0 024] fcttlC^ZltttftBOimQi&LlCJi^X 

-T^o GaAs (1 1 1) AffiCC*5l^GaN^*4 

LXstnj&tcm&z £ t^£> 1 a«y wota-cAs. 

gi0<D2ttyWc*tUT3 0' tttT. (Ill) AM 
VJEtt&8i&'t&i» J t<Dim.ifi [1 1 - 2 ] teffift/c 
£C>5C<t-C&*o 8!9<Di2tt [2 - 1 - 1 K [-1 
2 - 1 ] TA£ D C(D^{4«^TGa A s*£ B ^CD^T{4r 

[0 02 5] ^(D±(CXt^t^t«gl>/cGaN(D 
cni«g^, GaA sttWffil&ISS (zinc b 
lende) tt£kmx$>2>. G a NttA#JKRTNb**»6 
4O0A7^-^ (klmn) CC^^r^fi^a^ 

Sfc&rttl>. Cti«IW12 0* *Mi*Ka, 

k, 1. mt*4. k+ 1 +m= 0<U>5*IJ|iJ#A 
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(a, b. dffi) CCSiSr^O, c$4M0(C6lgI*tf*tt 
GaAsO [111] tt£GaN<0ctt4¥ff 
Ccr^<i:^^*ga B H ^S^fft>ti^o G a A s (111) 

tCGaN4t£-&r^5o G a A s (111) ffiCCGaN 
©ctt^jSXTS. G a A s (111) fflffc. GaN 
(000 1 ) IWWC**. GaA sCO [ 1 1 - 2 ] 
#[°J (yW) GaN [ 1 0 - 1 0 ] 
GaAs(D[-l 10]^fS] (xtt) tCGaNCT) [ 1 - 10 
2 10] Wft*a B 

[0 02 6] C<D£5ftELO£ffll>/cGaNS«CD§J 

S*GaAs««^CCj5iES3^-5*K:flaftO/c. 3 
GaAslfi^x^>i/iSl/ k GaNCD@fflg*f# 

/Co 

[0 02 7] ^4«GaNcoxf^ + -> + ^gC3[>itfi 
£^T„ 04 (1) «GaAslSiC7Xi'^M 
HttfcttSSr**. 04 (2) lZ-?At><DM<D%&t l C{& 
STG a N ^' 7 7 7 i^SS? 1i/c^^t, 04 20 

(3) tt3&fcGaN*ig«St!\ m&*i®*Ltci>(D 

<Df£, GaAs^-^>»in. v^CDSitfH* 
5fgWoti< e ^^*r^iGaNOa^^r^ 
£. +MS^^^^6GaNifii^So cn$t 
^iGaN APffft Ltelt>fr bm&lC-CZ ft * ^ /c 

CO»9iCc*orGaNS«©nJte143&S3H 30 

ic»orfe*fe**, ttK. A£3. E9»©JS»r'* 

[002 8] 

e^r*)^ 0 SE*GaNWittMOCVDffi'Co<6 
tl/Co GaNxb^ + VtJU^nMtCTSfcfeSi^ 

p-^ur^c. s i **tr«t«te»rfe«*£iA* 

b*>-fl,>i><D\Zis7>#X (S i H 4 ) T&£ e 

is^yxxiim&b^T^ffflitetfzv&z. r*ti« 40 

[0 029] ISGaNxt^t>>t«Illt >>> 

c torf / Plil//cGaNt/>F-7 , t*ot<)nS©t 

[0 03 0 ] -/> F-^r**©«Cdf Utnl&O^ 
? y > K - G a N (DtemMZ&tbZ fc<Dttt> o /cl>ft 
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[0 03 1 ] *«*ttta95K:T^4»ift^«^ 
r*tt*»# (n = p) Kft£^£l>5<t^-Cteft 

^t,>„ y> F-7'S i ttngfcft*. GaAs[t» 
{C^tt»*Aftftl>£nSa*§T£. GaN«^>K- 
^•C*S<bnffl*a»ftr*4. £5UrF-^>F*A 

ftft^aMcnfflcc&s**? cn^*/ccc^r^>^ 0 y 

> F - * * ©fc n fflfc ft 4 G a N 

«cu^«a^**j**!i«"r*c taw***©* i © 

B^^ B S6CCnS*+i;Tt«tt*fWiaioyfcGaN 

wis A*sft-r ^ci ##2&gj<D» 2 ©a «t * £ 0 

[0032] 

ec^M»iUrBBR*Jft**i*. C(Dlf^GaNM B 0 B 

[0 03 3 ] Wi«HVPEffi (/^-f KSttHfltfiffi) 
tGaN^xt^ + '>t;«g$t^^ l^f4«Ga 

#jg> «<t*«Hc i , 7>^7nh 3 -c&z. mm 

aNxt^^t^llin^t^^ JKft#*fc^» 

[0 034] Ga NttfifcSH>TBBR#nffl F->*> h 
•C^D, jSHW(C^^JPUft<TfcnS©^»tt* 
tjVT. <bC^*«GaN<DG^M^afiE^:^^4tc«J^ 
f*//^ft^«:d*ns^^»&«««ciWfflLftWti 
Kft^fti^ <hi^c<hr&£ 0 JRT4^x«:«Hl*©ffi 
A»©M*^*B»<!:brd*nrt»4<Dr**. Kiss 

sMMBtGa NtCf^l^r{5J<D!SS(«>ftC^CD"C*ntfK3RO 
■AOHt/XiLftC^rft«. iC4*5#»W#©3IH 
fc: «kftW»*#G a NOnM F-'O h £ CTtifigUT 
l>*£t»5*#*#6>;Mcftofc. 
[ 0 0 3 5 ] ^cr nMG a Ng&£ Itli F-'O F 

SRfcMSfciE^SJ: 5 K nl F-/<> F <b 1 0 0 

[0 03 6 ] U^fel£t*jBHrBBRttiSc>rStt{k**jn 
T. 1 x l 0 1 6 cm" 8 -1 x l o 2 0 cm" 8 (Dffi 
Hrtt*ttnfiF-'OFT*0. SttflAWXt*. C 

nccA^raen-snssso^ + yraa^ 1x1 

0 1 6 cm" 8 -1 x l 0 2 0 cm" 8 £ft£ 0 

[0037] wmux Lhxmm&m**tm Ltcms, 

4#v c®lte» ^^^S©»»«c<t«3^IR3WBa*Cc 
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1 0 1 8 cm" 8 tLh&t&£<h, v * h;l/5**-fe>* 

femimZl x l O 1 8 cm" 3 iff£L<l*l 0 

1 7 cm" 8 UTt<cmW-fZ><Di)m£Li,> 0 GaAsl 10 

[0038] 

4r><Dli&fr%\t>tiX^Z> 0 

1 . HVPE (Halide Vapor Phase Epitaxy) fflfMJjfi 

2. MOC (Metall organic Chloride Vapor Phase Ep 

itaxy) ^m^mmmmm&m 

3. MOCVD (Metallorqanic Chemical Vapor Phase 20 
Deposition) Wt&£BCVD& 

4. mm* 

[0039] mtmmmmm*. g a 

6„ Ga + HC HGaC 1 t^^W^X— IGaC 1 
£fF9, T>^7NH, t G a C 1 (D&JStCj: ^X % 
GaN*£/£*r£,> GaC l£ft*<Dr&ft^<tl>5<D 
rfc*. MOCi*GaQW«I£:JIGa (CH a ) 3 *M 
f4<bT£o Ga (CH 3 ) 3 +HC 1-GaC 1 
5ft:r~IGaCl^ e 7>^7NH 3 £GaC 
1 OJ^CC<fcoTGaN£^J&T£o C*UC<fcoTGa 30 
A s XttLLfc 9 0 0 T:feUL<DiS?&T\ iSa D a ff<DG a N £ 

[0 04 0] MOCVDffi«Ga(DW^|gGa (CH 
s ) 3 £Mf4i-r£o NH 3 tIStCJ®$«, Ga 

(CH 3 ) a + NH 3 -GaNim^SJCt^C^'lf 
£ 0 GaN^xt^ + ^tMSWIfifti'C^JC 

[0041] *iHBt2 i . zommMmfz. 
^4>^cc?f^nrc^3<DMOCVD^c«^r^ 40 

5. l^fe-IGaC 1 *ff4it^xe*««cc». ^CD 
/ttf>K:, W^UCDtSfiSTC^-C^^^GaNxf^ 
*^ + *»CCBA-r*. »^jft*4i. 0 
18 cm" 8 HTtcBftloUfftWOGa Nt#i5 4 
T£<b#. MOCVDffi-C»fiRfijSlt*SH'rafr. HSr 
BWcHVPEffi* MOCffiCC»ttr*«cC>. Sftnl 
*^ttpfiflW«»4Ltffifflt*eU^ ******* 

ti&tn+Ei (nM* + vr) twm&omtcjEitmM 
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tf#«EUttl» ( 1 0 1 8 cm- 8 «T> K 
*#G a N £ l>frtj:Zm&fc&Z><D&tZ*tctt 

[0 04 2] «tl»iL. *«9Htt. GaC 14MLt 
GaN^-T^HVPE^MOC^jS-r^o 

t£ffilSf?«Tfc: & £ r«» L X fti 6 * 
[0 043] »3ft* F-^-*"*fc«)CC, BBR*/X, *ft 

ftPAS. MOC^HVPE^HCl^^C^ B H 
B8$Ctt*5R+HC 1 iltffllr^. 7>^7NH 3 4> 
CCD3«S<D^»M*4<D^^HC 1 CCffi 
*«:SStf*®#*fc«»r*£. BUR. *», H 
C 1 Cca**iS£Ga&BT G a WtS^iJSSLTG 
a 2 0*MI, fc«bKGaNIS»*CcWJttCCKOii* 

[ 0 0 4 4 ] *fc % fttCWRt F-:/«©OC*fi»tt# 
ffiilt, NH 3 ^X*CCWRaaf*«:**'&SCtfc 
»*#*SC£*ttB0fc. NH 3 NH 3 + * 

mmic&tc-ixiz. mm, t> 

[0 04 5]*8fltCj:ot, GaNteBOOIBU ftffi 
#1 x 1 o 1 6 cm" 8 — 1 x l o 2 0 cm" 8 (DffiB 

-Cor, nfi+tyraa^i x 1 o 1 6 cm" 8 — l 

xio 2 0 cm- 8 ©«H©GaNfSfi*{^S*Wr* 

Btxtftft* + +yr»aa*»*u<«:5xio I 7 

cm" 8 -5 x 1 0 1 9 cm" 3 X$>2>. <fc9»*L< 
ttlxio 1 4 cm" 8 - 1 x l o 1 9 cm" 3 r^ 

[0 04 6] GaNti«^7>ffIto±tCMOC 

RSS i is^>*f* (SiH 4 )^F-f>^ 

^>^ 0 *JHiMCDJ:9«tftMfttfXt(l!9«&< nB 
GaN*SH£o< -SCi^tt^ ^L/^^8S* 
6Si^GaN*(S H H B*JClAf^ **Ol*B»43tfX 
W»iltGaNe H B B*tCigAt^. C<D*tiMfflI 
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gr&& 0 1 x l o 1 7 cm" 3 «TW^CiMS * 
[004 7] 

imWm) [HftWl :GaN/GaAs :HVPE 
ffi. 3ffl«CDHC 1 G a A s (111) AHSIfi 

±tc, s i o 2 mmmz-micBf&btc y*vw# 

J&f&Ltc (mi) 0 &tK<Dm-HZ2 umftX&Z. G 
aAs!i©< 1 1 -2>^rS](C4 ( = d) 

ri3fljKft-<£ 0 ^<£>?ijrt>63. 5um(=3 1/, d/ 10 
2) ffititc&micmtvr-rtmx. l5jDt*^Tm>* 

(GaN^^rl) 

(GaNxt'H'>t;H) 9 2 0 °0 

[0 05 0] c<D^sowsi«:*5Cirvx^<D^ (2n 

m ft) ©*(^GaA sa®±{CMSLfcGaNJ|g^<DS 
#r££ e ^6^CCGaNteS^vx^±^a®^ 

Asi^MMl^i^^ (§2) o *SI|CD2t*ftttfc: 

MfibtffiglfcGaN &&ttmfc? £ <fc 5 CC ft 2> 
(03) 0 JEHm^iH^J^^e^ft^Cc^jlgK: 

[005 1 ] COmtkW-CH V P E (HALIDE VAPOR PHA 

se EPrrAxr) ffi<tl^O«, Sff^S^rtSPtcGa^ 
*^£Aft/£#-r£iRSU Ga^- h£8 0 O'CfcJ 

±KGaN£jag3i±£4>Or&£ 0 +tUT//^ 

[ o o 5 2 ] 0 5 (c«JtsscD^«^^^-ro tascojgj^ 

SC^(DM*4^XAD^3CDii[T^:Ga?S5^ 
CC{C«Ga6^g|St^'CJRS$n^o J^tf^ 1 

SSK^mSft^ 1^:/£7<E>_hfc:GaAsg1£9# 40 

mmux$>2> 0 Sfc^ioT^^^gfmPi o^DX 
3*>e>, hci+h 2 ^^«A5n^ e cn^mw 

^CDGa6<hSi£T5o JMf4#*ACI4*>e>, T>^ 
TN H a + H 2 rtX&mAZti2> 0 
[0 05 3] Sfo^«, 2Ga + 2HCH2GaCl 
+ H 2 X$>2>. ^GaSr/E^iT*. 4IT*otg 
^«ft6ftC^^6«{b*^<J:or-HGaCr)^fc^ 
GaCim. ChimWL-C\mM( f ctj:*)*mt<c£^ 
tl^Ci^tt^, ^b«5<0GaMf4^^5^6^7 50 



£<1 1 -2>^tC-i2^fco-iZ24am<DiEHft0 

[0 04 8] -ecDf^, HVPEffifccfcO, #J4 9 0°C<D 
ifii&CCte^T, 7^VGaAs©J:(cGaN)!i^&^ 
^777M80nmMl/c e <* 6 U 9 2 0 °C 
-1 0 5 O'CCDigSCCfcC^r, GaNxt^+$/tJH 

[0 04 9] o^o^rnj 

4 9 0*C 80nm 
- 1 0 5 0 "C 200/im 

KVPE<!:t^(Dr*^ 0 Ga — GaC 1 <hfr 9, W 
f&&Jg*&*>&l>. xfc^^i-X'&^^Ga*-** 

[0 0 54] CCtHC 1 t?XlZ~Og(D3mm<Di><D* 

(a) ^M<b lt*^2 000 p pm^/cHC 1 

( b ) ^M^i LT7k£#J 1 5 0 p p m^/cHC 1 # 

(c) fSI?^0iMO/cl^«g[(DHC 1#X 

[0 05 5] SfeifeDJ^KHC 1 ^WttftiUTI 

fits?**!') iis ftwntfft 6fti> 0 

[005 6] GaAs^x^^JgJ^^6^0W*r<h, 
iSWcG a NI^«gI4MLt LtO/c CtUi 
GaN/GaA sfl|J&r&£#>6. 3E*CtA*VC v Ga 
Aslfi?:«Sl/c 0 g|o/cCD«GaNj®r&^ e 
cn«)l$^2 0 0 /im*^OTSSi"C*^ e Ga 

^CDG a Nlfi ct-T £ C <t #T £ £<, 
[005 7 ] HC 1 CCOOT ( a ) - ( c ) ©M'Cl 
M^GaNSS^SO, i^SSOi + t'^M 
n ^S'J^ L fc 0 S I M S ( Secondary Ion-Ma 

ss Spectrography) &C<fc -?xm%.Ltc 0 Cftte>Fr£14# 
X<DJ*>Zmt>&%XXr±XJ *>Zft&2VmW:M 

k^^s^ie^t mmic&fr? z>7zm<Ditm*>£*t>z> i> 

[005 8] ff£?L/cHC 1 tfXttCbffiM. MZ<S£tl 

K:^g;hS 0 ^-^C^IR-C (c) <DHC 1 £fflC>/cGa 
[0 05 9] [HSteWI2 : GaN/GaA s : HVPE 
a A sS«CD±CCGaNitSH^^SL^ 0 o$9v** 
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SttoTHVPEffiKiOGaNA* ^TliGaNx 
b^+^^;l,JB^)5Kr^tl^*«I^D-C*So HC 

ifxtt^cG*t<cmbirz><ox%>z>&, **';t#x 

KBBR*GaC 1 C £#-C*£. 

[0 0 6 0 ] (d) *g^iiUffl^U/c^*«@[HC 
(e) fflM*«:Atifc^^7t**#^«:J:oT/<^y 

[ooei] ch62W©#xMSfttl*ri^L 10 

ttffZ (d + e) HC i tfXtLXmmirZ. HC 
1 CC»T 3 0 0 0 p p mOTOlit^^. 
fc. H 2 O/HC 1 =0-3 000ppm©18 

Hrii»ff5K:^tSl*/c. »]J!)02Ga + 2HCl-2 
GaC 1 + H 2 <DJKl£CC*5C^r*:*5*^^6, BtiRaPG 
aC 1<D— «Kc«AT4. BBR*F->*>F£OT*IS 

[0062] [HffiM3:GaN/GaAs :HVPE 

wrshihc i mmmi tnoumcx^x 

GaAs»«D±fcGaN»»*ft*b:fc. jE=H«» 20 
^Wt^vX^^tHVPEffitCiOGaNA' 
y^TliGaNxt^^^tiH^t^tl^^ 
BHCT*4. *{t** (HC 1 ) #X#*i>0&5. H 

c i tfxtammticmmtfA*m&T2>o Hcim 

[0 06 3 ] (f ) «0iBUfimi/ft:«BWKHC 1^ 

( & ) n&mmmxx 

[oo64] cne>2 sscd^x *&mts:ttmxm& u 

fc#X (f + gr) HC l*'XiltfiJffl« 0 HC 30 

i tc*t'?z>wim<Ditmz3 o o o P p mWF<o®mx&. 

7Ltc 0 O z /HC 1 =O-3000ppm(Dl 

WXWgmKmtZ&tc. ?^(D2Ga+2HCl-2 
GaC 1 + H 2 <DSl£K:*5lir^^^)-2>^e>, K3S# 

Gac i ©--si«:«A-rs. 

[0065] [HiM4:GaN/GaAs :HVPE 

*muQNH s #x] mtumi tmttmtca^xG 

a A sSC0±<CGaNttA*f¥HLfc. oSfO. 
^tt->tHVPES«cJ:9GaN^?7TiiGaN 

nh 3 # aims. NH 3 #Xfct, ttyr^iu 

[0 06 6] (h) MIQiBLtRHOftiiKMKNH. 

( i ) m&fc*Atitc^7z>%:7k3&ifXlc£^X'*'7V 

[0 06 7] Ctl6 2«H©^X*a^3tcik*TiS^L 
(h+ i ) ^7>^7^<bLrWI., £ 
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K5ppm^ 5 0 p pm^r^bS^/c NH 3 
[0 06 8] [^5:GaN/GaAs :HVPE 

& wmrnmNH* axi mtmitmvMmc*vx 

GaAs^®±CCGaNttA£fHKLfc. o*0, ^ 
X^«otHVPEft5C<j:^GaN^777liGa 

NH 3 ifX&m*>. N H 3 *X*CC«WBBR*aA 

O&tfl 0 p pm<D4><ZX 1 0 0 p p m<Dt><D%&m U 
/Co NH 3 cn^rcDHC 1 tfXKit^ASfc: 

^T£/c#>. T>*~TJfXtp<Dmm<Dmte'J>rj;<X 

[0069] H6CC98K0I 1 ^mfcM5(C~?tvC4>3 8 

^igeo (cm- 8 ) r&& 0 ««3W**yT«*n 
(cm-MW. »6MftKttO = n0ii«-C* 

C©a»©*U±«:«3&S»^-S5. 0 = nitfg<D 
±{Ct2^^*^ 0 Tfctt4*#*S. 0=nIS 
<D±CC« 3 2 <D£Jfi& «5E*^*0 = n mMKW- 
ffCC&ft&l»9C&». o*9«jfc&JnfflF-->OFT 

< n ©»J)E^©**«^l»©rtt*jStt*«a^W± 1 0 
[0 07 0] fc-tfCC 1 0 0 

ftir>. S I MS^{ig<bHa 1 1 iWjettaflOSCCiBH 

fflXSZ>£l,>5mx$>Z>, 1 x l 0 1 6 -1 x l 0 2 0 
[0 07 1 ] *a»*W9SCC*5t*r*^ UTidKB^KCC 

oftc^or**^ mmm&*:®misxz>xfti)^tcc 
tm*<r>*>&2> 9 mm<Dttm&—j£x$>z>8L^c<Di<> 

rtiifXDHC 1 ^X^tfc, GaNS«<DI*9»K:fl* 
*)ii*tiSBBRS«— a-Cttl^. M4CDHC 1 * K^fi 
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xi>. irtrwR8atttf6o< < L*>oft*s6, mm 

[0 07 2]l^i:(DfeS^ HVPEffi 

^SlWflEfiffi (MOCft: MetallOrqanic Chloride) (C 
JrorGaAs«R±KGaN»SftftjRfiSttafflHi 
UfcfcO-C*ort>Htt<DtBM*«S6nfc. CtiteGa 10 
(CH 3 ) 3 KHC 1 ^^tt, GaC 1 B£ 
j£U cnfC7>^7NH 3 *fBfl3t*T\ GaN^ 

ft* GaNtt»«cttB(Oii*h*««««>rd>ftl». 
[0073] 

#»Btt* BBR**GaN(Cfo(,>TnS<D 
F-'t> b £ OT»*«ttfb*rt* 1 0 0XiEl>£C>9 C 

©nfflGaN*«*fNR-r*Ci3WC*4. S i *F- 20 

[0 1 ] G a A s (111) ABn£g&<tLT-e<E>±K: 
[02] vx^0±^P,GaNxt^ + t/t«^$t* 



SivX^fl»*aiLrj5R«Lfci*GaN3&5jE^ft» 

[0 3] v>C^Jl^^ja^/c^SL/cjEAft^OGaN 
)fS Q ^K«r^^e>^SO/ciE7 , Nft^(DG a N <t&$ 

u r BKPa * < v 7s >? & m#>& <?ct zfjk-rw-ffiMo 

[04] GaN<Dxk*^^^ + ;bfi£g(Djag**e>t>U 
fc0 o (1) ttGaAsIfi(C7^^4^fcH. 

(2) {iv^^CD^oaS^CCGaN^'^^T^^fiSS? 
tffc0o <3) tt36tcGaN**8l3tffcEL (4) 

[05] HVPES KJMW«6) <D3£g©EBS 

MI, 

[06] GaN*£JI*(DItf&gg (cm" 8 ) L*+V 

rase (cm- a ) (Dmrnzmwyy. 
i mm 

2b-* 

3H^XAPf 
4^f4^XAD < g 
5Gai§ 
6Ga 
71>"fe:/£ 
8is + y b 
9GaAs!« 
1 0»*P 



[06] 



( c »-B ) 



(10) *$&l§20 0 0 -4 4 40 0 



[01 ] 



[02] 





cm) 



(111 )GaAs AjEf 



[03] 




C1UD 



Ga A s ( 1 I ] ) Ago 



[04] 
( i ) 



gall^Ea pa r?a 

Ga As ( 111)A 



3 



I Ga As 



(8) 



GaN x<^>**# 
V7\ Y7A g%l CZI g^l Rgf 



Go- As 



(4) 



GaN 



<f$Pj20 00-44 40 0 
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